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Abstract 

We investigate the charged Higgs boson contribution into tb-paii produc- 
tion in pp-colhsions at LHC. It is shown that due to the /7^-boson exchange 
the total yield of tb is modified significantly for small and large values of tan /3. 
However, for the small values of tan /? one should expect also the production 
of right-handed top quark contrary to pure left-handed f-quark production 
through 1^^-boson exchange only. This fact provides a possibility to sep- 
arate and contributions by means of the investigations of angular 
distributions of top decay products. The detailed simulation of the signal and 
relevant background processes is performed. 
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1 Introduction 



The existence of the charged Higgs boson H"^ is predicted by many extensions of 
the Standard Model (see, for example, |^). The search for a charged Higgs boson 
is carried out in e^e~ annihilation at LEP-2 collider at CERN as well as at the 
Tevatron in the top quark decays The search for the if^-boson will be one of 
the main experimental tasks at future LHC machine ^ 0. The main channels for 
i7^-boson search are the reactions of gh — > tH~ and gg tbH~h 0]- 

In the present paper we consider an additional possibility to study a signal from 
charged Higgs boson in the quark-antiquark annihilation subprocess: 

qq ^ ^tb. 

Namely, we consider the charged Higgs boson contribution to the process of t6-pair 
production in proton-proton collisions 

pp tlx. (1) 

Note, that tb quark production through PF-boson exchange in the s-channel had 
been considered earlier (see 0, H, |^, |10[)- This reaction plays a significant role 
in the study of electroweak t-quark production. In particular, this process is very 
important for the investigations of electroweak vertex of tWh interactions 0. 

The New Physics beyond the Standard Model (SM) can modify the nature of 
t-quarks interactions (see and references therein). In particular, the contribution 
of charged Higgs boson into process (P can be considered as a manifestation of 
New Physics. The existence of the if^-boson leads not only to the modification 
of the total cross section for t6-pair production, but also to the change of angular 
distributions of top quark decay products. The detailed consideration of the contri- 
bution due to several forms of the New Physics into t6-pair hadronic production as 
well as the analysis of the top quark polarization properties resulted from such new 
interactions can be found, for example, in [p!0| . 

Here we investigate the charged Higgs boson production in proton-proton colli- 
sions at future CERN LHC machine at the energy of ^/s = 14 TeV. Certainly, the 
strategy for the search for the if^-boson production is determined, in particular, by 
the Higgs boson mass (see [Q). For relatively light H^, say, < rrit, the most 

promising possibility is the investigation of t-quark decay into and 6-quark. In 
the present paper we assume that the charged Higgs is heavier than the top quark. 
As a result, we consider the top quark decays into W^b pair. Moreover, we con- 
sider only leptonic decays of W^^-boson, because for hadronic decays it is very 
difficult to separate a signal from a huge QCD background. 

Note, that typical differential distributions [pt and 77) of the t-quark and its 
decay products are practically the same as for the SM production of tb-pa.iT (via 
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"'"-boson exchange only). Therefore, for the separation of the if^ contribution 
we explore t-quark polarization properties, which are different for -—>■ tb and 
— > tb contributions for small values of tan/?. We find the specific kinematic 
cuts, which provide the separation of and contributions in reaction (||). 

The paper is organized as follows. In Section 2 we present an explicit form of 
matrix elements squared for the considered process. The behavior of the total cross 
section production of tft-pair as a function of ttih and tan P is considered in Section 3. 
The differential distributions on pt and t] as well as the angular distributions of top 
decay products are also discussed in this Section. A detailed simulation of the 
signal and relevant background processes is given in Section 4. The main results are 
summarized in the Conclusion. 



2 Matrix elements calculations 

The Lagrangian describing the tH^b-yeitex in the two doublet Higgs model has the 
following form ||, ^ : 



C 



IGf_ 
V2 



H+{tanpULVijMnDR + cot PUrMuV^jDl + tan PNlMlLr}, (2) 



where the symbols U and D refer to 'up' and 'down'-type quarks, while and 
L correspond to the charged lepton and neutrino, Vij is the Cabbibo-Kobayashi- 
Maskawa matrix element, M/) and Mu are the quark masses, and is the mass 
of charged leptons, tan (3 is the ratio of values of vacuum expectation value for two 
Higgs doublets, Gp is the Fermi constant. 

The subprocesses of t6-pair production through and exchange. 



tb. 



(3) 



is described by two diagrams presented in Fig. 1. 

The corresponding matrix element squared is presented as a sum of three terms, 
corresponding to if^-boson {Mh) and iy"'"-boson (M^) exchanges and their inter- 
ference (M/): 



2-+2 



\Mh\^ + iMwl'^ + \Mj\ 



(4) 



where 



IM, 



w\ 



16Gl\Vu\^\Vt 



tb\ 



X 



mf cot^ (3 + 1712 tan^ (3) {P1P2) — 2mfm. 



(mf cot^ (3 + ml tan^ (3^ (PtPb) — 2m1m 



l2Sm\^Gl\Vi2\''\Vt 



tb\ 



{PtP2){PbPl), 
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x[-ml cot^p{ptP2) +ml{ptpi) + ml{pbP2) - mltan^ P{pbPi)], 

where s is the total energy squared of colhding partons, Vij is the Cabbibo-Kobayashi- 
Maskawa matrix element, Th is the if"'"-boson decay width, and pi are the quark 
masses and 4-momenta, respectively, mw and Tw are the W-boson mass and de- 
cay width, A = {s — rn^){s — m^) + Twmw^H'm'H, B = {s — m'^)THmH — {s — 

Bearing in mind the study of the t-quark polarization properties in reaction (|l|), 
we also perform the calculations of subprocesses (^) with the consideration of further 
top quark decay. Namely, we calculate the matrix element squared for the subprocess 
2^4: 

qiq^ {H+ + W^) bt{^ bW+) > bbl+ui. (5) 

Similarly to subprocesses (§), we present the |M2^4p as a sum of three terms cor- 
responding to the and the exchanges and their interference: 

|M2^4|' = \Mh\^ + \Mw\^ + \Mj\\ (6) 

2048mtvGUVtb\^\Vi2\\Pbki) 
{(rs-mj,y + Tj,mjj)CwCt 
X {(gi, ^2) [m^l cot^ P + ml tan^ P] — 2m\ml} 

X {ml tan^ (3[2{k2Pt){pm) - {k2Pb)Pt] 
+mt coi^ (3{k2Pi) - 2mlml{k2Pt)} , 
8192mf^G^|V-,,n\/i2p(p6fci)(P5,gi) 

{{s-mlrY + T^^m'^)CwCt 
A^{(l2Pt){k2,Pt) - {q2k2)Pt], 
m6mlyGUVtb\^\Vi2?Amim2 

{A^ + B^)CwCt 
x{ml cot^ f3[{qi,pi){ptk2) + (giPt)(Pfe^2) - {qik2){p-bPt)] 
+ml[{q2k2){piPt) - {q2Pb){Ptk2) - {q2,Pt){Phk2)] 
+mltaii^ P[2{q2Pt){ptk2) - {q2k2)pl] 
+ml[{qiki)pf - 2{qipt){ptk2)]}, 

where A and B is defined in (H); Cw = {Pw ~ ^wY + ^w^w and Ct = {p'i-'mlY + 
r^m^, Pw and pt are the momenta of top quark and VT-boson, respectively; ki and 
k2 are the momenta of neutrino and charged lepton. 

Note, that the matrix element squared (^) corresponding to subprocess is 
calculated for the first time. 



where 



IM 



|2 



IM, 



w\ 



\2 



IM; 



|2 



Total cross sections and differential distribu- 
tions 



In our calculations we use the parton distributions from ||15[. The evolution param- 
eter is chosen to be = s, where s is the total energy squared of colliding 
partons. In our calculations we use the following values of the b and t-quark masses 

TUb = 4.5 GeV [16] and = 173.8 GeV. (7) 

For the fixed value of the charged Higgs boson mass the largest cross section is 
expected at large and small values of tan f3. The behavior of the cross section for 
reaction (|l]) as a function of the if^-boson mass and tan (3 is presented in Fig. 2. 
Note, that the cross section reaches its maximum at mn ~ 200 GeV due to the pole 
character of cross section under consideration (see (^). 

The if^-boson contribution into reaction (|l]) leads to the increasing of the tb-pair 
cross section production. However, the modification of the "observable" number of 
events, NeviWbb) ~ a(tb) xB(t — >• bW^), depend on mH± ■ For the if^-boson lighter 
than top quark {mH± < nit), the branching fraction of t — bW decay (B(t bW)) 
may significantly decrease 0, ^. As a result, we should expect the decrease of A^'e^ 
as compared to the SM case. For heavy if^-boson {mH± > nit) there is no t — > 
decay channel. Therefore, one has B(t bW^) ~ 1 and we should expect the 
increase of b b yield. 

The "experimentally seen" cross sections for t-quark production in the reac- 
tion (0), i.e. 

a{pp bt{^ bW)X) = a{pp ^ tbX) X B{t bW) (8) 

are presented in Fig. 3 for two values of 'mH=90 and 200 GeV. Note, that for the 
small and large values of tan/3 the if^-boson contribution leads to a noticeable 
modification of the t6-pair production, while for an intermediate range of tan f3 = 
0.8 -7- 20 the contribution becomes negligible. The differential distributions of 
the final particles (t, W, b, I) on transverse momentum and pseudorapidity calculated 
at the parton level are shown in Figs. 4, 5. As is shown in the figures, the differential 
distributions for the cases of and exchange have practically the same shapes. 
Therefore, the contribution of New Physics may lead only to the deviation of the 
expected number of events. Therefore, to elucidate the nature of possible deviation 
from the SM predictions, one needs to examine additional quantities which have a 
differential behavior for the SM and beyond SM cases. 

For this purpose we explore the polarization properties of the t-quark, widely 
considered in the literature (see, for example, 0, |TT], [T^ and references therein). 
It is well known that subprocess (^ leads to the production of almost left-handed 
t-quark |Q, . At the same time the charged Higgs boson contribution leads to the 
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production of right (left)-handed t-quark for small (large) values of tan/5 (see 0). 
Note, that for the left-handed t-quark the 6-quark (the charged lepton) should fly 
mostly alongside (opposite) to the direction of the top quark momentum (see P, pHI). 
Naturally, for the right-handed quark one has the reverse situation. 

Hereafter, in order to separate the and contributions, we examine the 
angular distributions, 

dcosO*' ^ ' 

where 6* is the angle in the top rest frame between the direction of the top quark 
momentum and the momentum of the final particle from the top quark decay t 
hlu. 

In Fig. 6 we present the corresponding angular distributions of the 6-quark and 
charged lepton from t-quark decay calculated by means of the matrix element (^ 
separately for only or exchange (see the histograms "a, b, e, f" in the 
Fig. 6). For evaluating these distributions, we set mH± = 200 GeV and tan/? = 0.1. 



4 Signal and background calculations 

We perform the detailed simulation of process (|I]) with the subsequent top quark 
decays into electron and muon (t beue and t b^u^) and relevant background 
reactions for the three- year low luminosity run of LHC 

^/s = U TeV and J Cdt = 30 fb'^ (10) 

As an example we choose the values of the charged Higgs boson parameters as 
follows: 

mH± = 200 GeV and tan/5 = 0.1. (11) 

Note, that our result is not very sensitive to the tuh value, however, the chosen 
small value of tan/5, namely, tan/5 < 0.2, is important for further analysis. 

For the simulation of the signal and background processes we use the TOPREX 
2.51 event generator |jl9|. At present the TOPREX provides the generation at the 
parton level, the production of tt-pair, three processes of single top ( 'Wg" , ''tW" , 
and 'W*") and Wbb production with subsequent top quark decay into bW and W 
into fermion anti-fermion pair. One can generate also several processes of top quark 
production via anomalous t-quark interactions 



We use the PYTHIA 6.134 for simulation of quarks and gluons hadronization. 



We perform the simulation with taking into account the ability of CMS detector at 
LHC fl^. For "fast" detector simulation all the events are passed through the 



package CMS JET 4.703 [|TH|. As a result, the final event contains the information 



about momenta of "detected" photons, charged leptons (e,/i), hadronic jets and 
missing energy Ejrnis (see for details). The efficiencies for 6-tagging of jets 
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originating from 6-quark, c-quark and light partons {u, d, s-quarks and gluon) are 
about 60%, 10%, and 1 2%, respectively [|l^. In what follows we refer to the 
6-tagged jet as the B-jet. 

For our choice of the if^-boson parameters, (see (pA])), the cross section for 
{tb + tb) production in reaction (|lD due to if^'^-boson contribution at y/s = 14 TeV 
is equal to 

a{H^) = 9.7 pb. (12) 

There are several sources of the background to the considered process ([I|). We 
present here the cross section values of these processes evaluated at LO approxima- 
tion. The consideration of the higher order corrections is given, for example, in [Q. 
These background processes are as follows (all the cross section values imply the 
summation on particles and anti-particles): 

• three processes of single top production 

qq' -^W^ tb, a{W*) = 7.5 pb, 
gq q'tb, (y{Wg) = 180 pb, 
gb tW, a{tW) = 60 pb 



• tt-pair production: ggiqq) tt, a{tt) = 600 pb 

• Wbb production: qq' ^ Wbb, a(Wbb) = 360 pb 

• W + jets production (generated by PYTHIA) 

a{W + jets) = 59000 pb 

Signal process (|^) and all the background reactions (except W^-l-jets) are simulated 
by using TOPREX generator. For evaluation of the last process (VT-l-jets) the 
PYTHIA parameter fcrmm is chosen to be equal to 2 GeV (i.e. CKIN(1)=2 [ll7| ). 

Process (|T]) of tb pair production with the subsequent top decay into blu is char- 
acterized by the presence in the final state of one charged isolated lepton (from 
W^-boson decay), the missing energy (neutrino) and two hard S-jets from 6-quarks. 

The appropriate cuts providing a signal selection from the background processes, 
are considered in detail in 0]. In particular, these cuts include the requirement of 
two "hard" 5-jets: 

"hard" - cut : pj{Bi,B2) > Pro ~ 75 GeV (13) 

However, this cut leads to an essential modification of the form of the corresponding 
cos ^* distributions (^ of the top quark decay products. 

Indeed, in Fig. 6 we present the angular distributions of the 6-quark (from t- 
quark decay) evaluated at the parton level before and after the cut on the 6-quark 
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transverse momentum (see the histograms "b, c, f, g" in Fig. 6). One can see that 
after apphcation of the cut (|l^) the form of the angular distribution of 6-quark, 
originating from the decay of right-handed t-quark (produced via H"^ exchange) 
changes dramatically and even becomes qualitatively similar to that of 6-quark from 
left-handed top decay (produced via exchange). In view of actual possibilities 
of the detector it will be even more difficult to distinguish these two distributions. 

Therefore, we propose another py-cut ("soft-hard") on the final S-jets. Namely, 
we require that of one -Bi-jet (from top quark) should not exceed some value of 
Pti = 100 GeV, while of the other -B2-jet should be greater than p^o = 75 GeV: 

"soft — hard" — cut : Pt{.Bi from t) < Pti and Pt(-S2) > Pto- (14) 

It is seen from the histograms "d" and "h" in Fig. 6 that this "soft-hard" cut ( p!4D 
saves the forms of angular distributions of the decay products of t-quarks, produced 
through if^ and exchange. 

In the further analysis we apply both variants ([T3|) and (0) of p-j cuts. Thus, 
for signal/background separation we require 

1) one and only one isolated lepton (with > 10 GeV) and at least two hadronic 
jets (with p-j > 20 GeV and pseudorapidity \rj\ < 4.5), 

2) explicitly two b-tagged jets (with p-j > 25 GeV and \ri\ < 2.5) and no other 
hadronic jets, 

3) the transverse momentum of the reconstructed W^-boson and two Bi and B2 
jets should not exceed of 10 GeV, \pt{WBiB2)\ < 10 GeV, 

4) ff("hard")-cut on p^ of 5-jets {pt{Bi,B2) > 75 GeV), 

4') S'if( "soft-hard" )-cut on pj of 5-jets (one B^-jet with pj < 100 GeV and 
second i?2-jet with pj > 75 GeV), 

5) the reconstructed mass of the t-quark should be within 150 -7- 200 GeV, 
\Mrec{BW) - mt\ < 25 GeV. 

As usual, using the four-momentum of charged lepton and the transverse mo- 
mentum of missing energy for the reconstruction of ly-boson momentum, we get 
two solutions for Prec{W). For further reconstruction of top quark four-momentum, 
Prec{t), we should examine both two i?-jets for the case of if -cut ([13|) . As a result, we 
obtain four combinations for the reconstructed momentum of the t-quark. For SH- 



cut (|Tj) we assume that the -Bi-jet with the smallest transverse momentum results 
from the t-quark decay and we have two solutions for Prec{t)- Then, the invariant 
mass of the {W B)-sjstem, M[WB), with the value nearest to rrit = 173.8 GeV is 
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treated as a reconstructed value of the t-quark mass. The corresponding Prec{t) is 
considered as a reconstructed t-quark momentum. 

The resulted efficiencies after application of all the cuts to the signal and the 
background are given in Table 1. One can see that new SH cut ([T^) provides slightly 
better efficiency for the signal reconstruction. However, the background suppression 
becomes also worth as compared to the apphcation of old H-cut (|13|). The resulted 
number of reconstructed events (for / Cdt = 30 fb^^) and the corresponding signal- 
to-background ratios are given in Table 2. It is seen that the application of the old 
and new py-cuts result in almost the same S/B ratios. Therefore, both of the two 
variants of pj-cut {SH and H) provide a rather well reconstruction of the top quark 
in reaction (|I]). 

The distributions on the reconstructed top quark mass are presented in Fig. 7. 
The symbol "SM" corresponds to calculations with the SM case, while the symbol 
"SM+i7±" corresponds to the SM and H^-h oson contribution. The standard ffi 
gives the following values of the reconstructed t-quark mass (in GeV): 





SM 


SM + 


S-H 


172.4 ± 11.8 


171.6 ± 11.4 


H 


172.8 ± 11.2 


172.4 ± 10.8 



Now we proceed to the separation of the if ^-boson contribution into reaction (|l|). 
For this purpose we explore the difference in cos t9f-distributions resulted from dif- 
ferent polarizations of the t-quark, produced within the SM (only W exchange) and 
within + exchange (see Fig. 6). The distributions on cos-i^f, calculated for 
the sum of the signal and background events are given in Fig. 9. The upper two 
histograms correspond to new S H-cut, while two lower histograms are obtained by 
application of old H-cnt. We ffi these distributions by linear dependence on cos'(9f: 



dN 
d cos 9^ 



oc 1 + a ■ cos 6^ 



(15) 



The results of the fit are given in Table ^ It is evident that the new 5* if -cut (|14D 
is more sensitive to ii^-boson contribution. Indeed, the presence of charged Higgs 
leads to change of the sign of the slope of cos i?;*-distribution, while the application 
of the old ii-cut leads only to modification of the slope a (see Table |^). 

Certainly, this result depends on the relative value of the ii^-boson contribution. 
Indeed, for a larger value of the tan/3 we should expect the decreasing of charged 
Higgs contribution and, as a result, the values of a should be more close to SM 
expectations. Note, that for the large value of tan f3 > 10, where we have a noticeable 
charged Higgs contribution, the produced top quark should be left-handed. As a 
result, the angular distribution should be the same as in the SM case. 
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5 Conclusion 



In the present paper the contribution from charged Higgs bosons into the process 
of electroweak production of tb-pa.iT at LHC is considered and analyzed in detail. 
The expressions for matrix elements squared for the corresponding subprocesses 
are obtained and the role of the t-quark polarization is investigated. The cross 
sections and angular distributions at a parton level are calculated. The simulation 
of the signal and relevant background processes by means of PYTHIA in view of 
opportunities of the CMS detector at LHC is also performed. 

We show that the differential distributions (py and rj) of the t-quark and its decay 
products are practically the same as for the SM production of t6-pair. As a result, 
by using a conventional way for the top quark separation from the background, it 
would be difficult to distinguish the if^-boson from 14^^-boson exchange. At the 
same time the produced top quark through charged Higgs exchange has different 
polarization in comparison to the SM case. At small values of tan/3, one should 
expect the production of the right-handed t-quarks. The corresponding angular 
distributions of leptons essentially differ from those predicted by the SM. 

In order to separate the and contributions into reaction ([^) we propose 
the new py-cut (O) for 6-tagged hadronic jets. This "soft-hard" py-cut provides not 



only the t-quark signal discrimination from the background processes, but also the 
selection of the contribution to the relevant process from a charged Higgs boson. 

Certainly, the proposed pj-cnt can help only for the small values of tan/5 < 
0.2. For the larger values (i.e., for tan/3 > 0.2) one needs find other variables, 
which should be sensitive to charge Higgs boson contribution into reaction (|1|). In 
principle, we can explore the SM prediction for the difference in top and anti-top 
quark production cross sections in reaction (|ip. This difference results due to the 



absence of the valence anti-quark contributions in the proton-proton collisions |13 
At the same time, the main contribution to the — > tb process comes from the 
interaction of charmed and strange quarks from initial hadrons. Since in the pp- 
coUisions we have equal numbers of the c, s quarks and anti-quarks, we should 
expect a{H~^ tb) ~ a{H~ ib). Thus, the study of asymmetry in t- and i- 
quarks production in reaction (|l]) may provide an additional possibility to separate 
the charged Higgs boson contribution. 
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Table 1: The efficiencies (in %) of the signal (H^) and background separation after 
application of cuts. The symbols SH and H correspond to the usage of new ( |14|) 
and old (|I3]) py-cut. 





Wg Wt ti Wbb W+jets 


SH 


0.77 0.5 0.012 0.008 0.003 0.02 5-10-^ 


H 


0.26 0.4 0.007 0.003 0.003 0.01 - 



Table 2: The number of events resulted after application of all the cuts. In the 
calculations the total integrated luminosity of / Cdt = 30 fb~^ is assumed. The 
symbols W/ B and H/ B correspond to signal-to-background ratios, calculated within 
the SM framework as well as for the SM and if^-boson contribution, respectively. 
The symbol SH(H) stands for the usage of new (old) py-cut. 









SM 


SM + 


w 

B 


R 
B 


SH 


470 


260 


960 


1430 


0.37 


0.49 


H 


260 


220 


610 


870 


0.55 


0.43 



Table 3: The result of the fit of ^ distribution by the function of (1 + a ■ cos6'f ). 
The symbol "SM" corresponds to the calculations with the SM case, while the 
symbol "SM+i/^" corresponds to the SM and if^'^-boson contribution. 





a(SM) 


a(SM ± H^) 


SH 


-0.29 ±0.06 


±0.21 ±0.05 


H 


-0.98 ±0.05 


-0.46 ±0.06 
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Figure 1: Feynman diagrams for the subprocess qiq2 {W^H^)tb 




100 

Figure 2: The behavior of the total cross section for {tb + t6)-pair produc- 
tion in pp-colhsion at ^/s = 14 TeV as a function of tan f3 and charged Higgs 
mass m-H- 
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Figure 3: The dependence of the {tb + S))-pair production cross section 
versus tan /3 for two values of m.^ = 90 and 200 GeV (the solid curves). The 
dashed and dotted curves correspond to the cross section production times 
the branching ratio of t-quark decays into bW^ and bH"^, respectively. 
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Figure 4: The py-distribution of the top quark and the products of its 
decay t bW{^ blu) produced in reaction (|l|). The is in arbitrary 
units, while pj (the x-axis) is in GeV. The symbol W* (H*) corresponds to 
t6-pair production though (iif^) -exchange only. 
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Figure 5: The pseudorapidity, 7], distributions of the i-quark and its decay 
products. For additional explanation see Fig.4. 
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-0.5 C 0.5 ^ -1 -0.5 0.5 

b-quark: p (b ) < 100 GeV p (b ) > 75 GeV) 



Figure 6: The cos '(9*-distributions of the charged lepton and 6-quark origi- 
nating from the t-quark decay. Ah the distributions are obtained from the 
evaluation of reaction ([l|) at the parton level for PV^^-boson exchange (W*) 
and //^-boson contribution {H*). The histograms "a, b, e, f" are obtained 
without any cuts. The H-cut (13) and SH-cut ([l^) are used for production 
of "c, g" and "d,h" histograms, respectively. 
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M^^ fW B) P^, < 100 and P^, > 70 GeV 




160 180 200 160 180 200 



M^JWB) P^i 2>'70GeV 




160 180 200 160 180 200 



Figure 7: The distributions (in the arbitrary units) on the invariant mass of 
the (ly i?)-system, M^ec (in GeV) resulted after application of all 1-5 cuts. 
Two upper and lower histograms correspond to the application of the new 



SH-cut (14) and old H-cut (p^), respectively. The symbol corresponds 
to the SM and background processes, while the symbol refers to the -ff^, 
the SM and background contributions. 
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lepton d(N) / d(cos 0^ ) P^^ < 100 and > ^0 GeV 




Figure 8: The cos '!?*-distributions for the charged lepton. The hnes corre- 
spond to the fit to Unear dependence of ([l5|). 
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